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Pharmacopoeia 2010 (Ch.P2010), including nitrendipine, felodipine, omeprazole, praziquantel,
sulpiride, clenbuterol hydrochloride, verapamil hydrochloride and chlorphenamine maleate, was
performed on chiral stationary phase of amylose ramiﬁcation by high performance liquid
chromatography (HPLC) on Chiralpak AD-H column and Chiralpak AS-H column with the
mobile phase consisted of isopropanol and n-hexane. The detection wavelength and the ﬂow rate
were set at 254 nm and 0.7 mL/min, respectively. The effects of proportion of organic additives,
alcohol displacer and temperature on the separation were investigated. The results indicated that
eight chiral drugs were separated on chiral stationary phase of amylase ramiﬁcation in normal
phase chromatographic system. The chromatographic retention and resolution of enantiomers were
adjusted by factors, including the changes of the concentration of alcohol displacer in mobile phase,
organic alkaline modiﬁer and column temperature. It was shown that the resolution was improvededica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical Association. Production and
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maleatewith reducing concentration of alcohol displacer. When the concentration of organic alkaline
modiﬁer was 0.2%, the resolution and the peak shape were fairly good. Most racemates mentioned
above had the best resolution at column temperature of 25 1C. The best temperature should be kept
unchanged in the process of separation so as to obtain stable separation results.
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Lives in the nature are present in the chiral environment
composed with biomacromolecules. The enzyme and receptor
systems always show the enantio-selectivity or stereo-selectiv-
ity. Consequently, there are great differences in the pharma-
codynamics, pharmacokinetics and toxicology among chiral
drugs enantiomers1–3. For example, it is S-conﬁguration that
was the effective ingredient in ibuprofen widely used as the
antipyretic analgesics anti-inﬂammatory drugs, while the R-
conﬁguration have no other activity but increasing the burden
of metabolism in vivo. Moreover, there are more than 500
racemates among nearly 2000 commonly used drugs4. Because
of the wide existence of chiral drugs, it is of great importance
to establish the chiral separation method of enantiomers5.
Up to now, the separation methods for chiral drug have
been reported on chemical separation3, crystallization
method6, biological separation7 and chromatography
method4, etc. It has been indicated that chromatography
could be deemed as the most effective method because of its
simplicity, convenience and accuracy. Although amylose chiral
columns were applied to separate some racemates and enan-
tiomers, such as verapamil hydrochloride enantiomers by
Chiralpak AD columns8,9, it was rarely reported to be applied
to the separation of the racemates collected from Chinese
Pharmacopoeia 2010 (Ch.P2010).
In this study, eight of racemates commonly applied in clinics
from Ch.P2010 have been selected, including dihydropyridine
calcium channel blockers (nitrendipine, C1 and felodipine, C2),
proton pump inhibitor (omeprazole, C3), broad-spectrum anti-
parasitic agents (praziquantel, C4), benzamide antipsychotic
drugs (sulpiride, C5), b-agonist (clenbuterol hydrochloride,
C6), calcium antagonist (verapamil hydrochloride, C7) and
antihistamine drugs (chlorphenamine maleate, C8). The chemical
structures of these target racemates cover amines, alcohols,
ethers, ketones, acylamide, halogenated aromatic hydrocarbons,
polycyclic compounds and heterocyclic compounds.
Chiralpak AD-H and chiralpak AS-H, two types of chiral
stationary phase, belong to amylose ramiﬁcation with special
chiral functional groups such as tris(3,5-dimethylphenylcarba-
mate) and tris[(S)-a-methylbenzylphenylcarbamate] on the
silica surface coating for each. AD-H and AS-H columns
were chosen to perform the chiral separation of the eight
racemates. Chromatographic conditions of different enantio-
mers were optimized by adjusting parameters including con-
centrations of organic additives and column temperature. In
this paper, it was the ﬁrst time to separate eight chiral drugs
recorded in Ch.P2010 by the two amylose ramiﬁcation chiral
stationary phase, Chiralpak AD-H and Chiralpak AS-H and
the separation mechanism was interpreted by comparison of
these two columns.2. Materials and methods
2.1. Chemicals and materials
All reagents in the experiment were purchased from Merck
(Beijing, China). n-Hexane, isopropanol and diethylamine
were of HPLC grade, the others were of analytical grade.
Solvents were ﬁltered through 0.22 mm membrane ﬁlters
before analysis.
The reference standards of nitrendipine, felodipine, ome-
prazole, praziquantel, sulpiride, clenbuterol hydrochloride,
verapamil hydrochloride and chlorphenamine maleate were
supplied by National Institutes for Food and Drug Control
(Beijing, China).2.2. Preparation of standard solutions
Each reference was accurately weighed and separately dis-
solved in isopropanol as the stock solutions (1 g/L). All the
solutions were stored at 4 1C in refrigerator. A series of
standard solutions were prepared by dilution of the stock
solution with the mobile phase before injection.
2.3. Analytical method
A Shimadzu LC-10A TVP HPLC system was equipped with
SCL-10A TVP central controller, LC-10A TVP quaternary
pump, CTO-10 AVP column heater-cooler, SIL-10A DVP
vacuum degasser autosampler, SPD-10 AVP UV detector, LC
solution chromatography data workstation.
The chromatographic separation was performed on Chiral-
pak AS-H column (250 mm 4.6 mm, i.d., 5 mm) and Chiralpak
AD-H column (150 mm 4.6 mm, i.d., 5 mm). The mobile phase
consisted of n-hexane–isopropanol with or without diethyla-
mine. The ﬂow rate and the injection volume were set at 0.6 or
0.7 mL/min and 10 mL, respectively. The analytes were mon-
itored at 254 nm.3. Results and discussion
3.1. Chiral separation on Chiralpak AD-H and Chiralpak AS-H
C1, C4 and C6 were well separated to pairs of enantiomers on
AD-H column, while C3 and C7 were not completely
separated with the resolution value of 0.7 and 0.5. The
resolution of C3 and C7 were not improved signiﬁcantly by
adjustment of chromatographic conditions. The results are
shown in Table 1 and the HPLC chromatograms of C1, C3,
C4, C6 and C7 are displayed in Fig. 1.
Table 1 Separation of racemic drugs on Chiralpak AD-H and Chiralpak AS-H.
Column Racemic drug k1
0 k20 Rs
Chiralpak AD-H Nitrendipine (C1) 2.5 2.7 1.4
Omeprazole (C3) 5.4 6.0 0.5
Praziquantel (C4) 6.9 8.2 3.3
Clenbuterol hydrochloride (C6) 3.9 4.1 1.4
Verapamil hydrochloride (C7) 1.5 2.8 0.7
Chiralpak AS-H Felodipine (C2) 3.9 4.3 1.6
Sulpiride (C5) 8.2 10.1 2.2
Clenbuterol hydrochloride (C6) 4.0 4.4 1.5
Chlorphenamine maleate (C8) 1.4 1.7 1.7
Capacity factor k0 ¼ (t1t0)/t0, Resolution (Rs)¼2 (t2t1)/(o1þo2). t1 and t2 are retention time of enantiomers, t0 is dead time; o1 and o2
are peak widths of enantiomer.
Figure 1 Typical HPLC chromatograms of (A) nitrendipine (C1); (B) omeprazole (C3); (C) praziquantel (C4); (D) clenbuterol
hydrochloride (C6); (E) verapamil hydrochloride (C7).
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umn was very different from that on Chiralpak AD-H column
for the same sample. C2, C5, C6 and C8 were able to beseparated completely to pairs of peaks for enantiomers. The
results are shown in Table 1. The chromatograms of C2, C5,
C6 and C8 are displayed in Fig. 2.
Figure 2 Typical HPLC chromatograms of (A) felodipine (C2); (B) sulpiride (C5); (C) clenbuterol hydrochloride (C6); (D)
chlorphenamine maleate (C8).
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separation are shown in Table 2.
The mechanism of amylose chiral stationary phase is com-
plex. Generally speaking, it is a short-term, unstable and
diastereomer complex that forms between the enantiomer and
chiral stationary phase under the inﬂuence of hydrogen bonding,
dipole–dipole action, p–p action, electrostatic reaction and
complexation10,11. The selectivity and the outward velocity of
the enantiomer are determined by the strength of diastereomer
bond. The separation is impacted not only by the chiral
interaction between groups, but also by the spatial structure of
the stationary phase.
Taken C6 as an example (Fig. 1D and 2C), it can be
separated completely to a pair of peaks of enantiomers on AD-
H and AS-H columns. There are hydrogen bonding formed
between the hydroxyl of clenbuterol hydrochloride enantio-
mers and the carbonyl group in the amide of chiral stationary
phase. The p–p electronic transfer interaction is present
between the benzene ring with the weak p of C6 enantiomersand the benzene ring in the stationary phase molecular which
has strong p acid. The weak hydrogen bonding exists between
the amino group on the benzene ring of C6 enantiomers and
the nitro group on the benzene ring of the stationary phase.
C1, C2 and nimodipine have similar chemical structures
(Fig. 3). In our previous work, the separation of nimodipine
was investigated (data not shown). It was eluted as a single
peak on AD-H and AS-H while C1 and C2 can be easily
separated. There are some relationships between their chiral
separation and structures. There are short side chains on both
sides of chiral carbon atoms of the dihydropyridine ring in C1
and C2, while the side chain length of nimodipin is long, which
increases the space steric effect and goes against the separa-
tion. So the resolutions of C1 and C2 are better than that of
nimodipine12.
Since the amylose stationary phase contains hydrophobic
cavity structure around where there are lone pair electrons on
oxygen atom, it may participate multiple interaction with the
components to be determined that contain electron rich benzene
Table 2 Chromatographic conditions for the separation of racemic drugs.
Racemic drug Columna Mobile phase Column temperature
(1C)
Flow rate
(mL/min)
Nitrendipine(C1) AD-H n-hexane–isopropanol (90:10, v/v) 35 0.6
Felodipine (C2) AS-H diethylamine–n-hexane–sopropanol (0.2:95:5, v/v/v) 35 0.6
Omeprazole (C3) AD-H n-hexane–isopropanol (80:20, v/v) 25 0.6
Praziquantel (C4) AD-H n-hexane–isopropanol (80:20, v/v) 25 0.7
Sulpiride (C5) AS-H diethylamine–n-hexane–isopropanol (0.2:80:20,v/v/v) 25 0.6
Clenbuterol hydrochloride (C6) AD-H diethylamine–n-hexane–isopropanol (0.2:95:5, v/v/v) 25 0.6
AS-H diethylamine–n-hexane–isopropanol (0.2:98:2, v/v/v) 25 0.6
Verapamil hydrochloride (C7) AD-H n-hexane–isopropanol (80:20, v/v) 25 0.6
Chlorphenamine maleate (C8) AS-H diethylamine–n-hexane–isopropanol (0.2:95:5, v/v/v) 25 0.7
aChiralpak column. Wavelength l¼254 nm.
Figure 3 Structures of nitrendipine (C1), felodipine (C2) and nimodipine.
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phase is hydrophobic. The more nonpolar the guest molecule
appears, the easier it is included. After hydrophobic guest
molecule enters the polysaccharide derivatives cavity structure,
its hydrophobic group contact the cavity with the widest range
and its hydrophilic group leaves the cavity.
Hence, the additional methyl on the chiral carbon will
weaken the contract between the hydrophilic hydroxyl, car-
boxyl and the stationary phase cavity to shorten the retention
time. Moreover, the methoxyl which strongly supplied elec-
tron on the para-position of benzene ring causes high density
electron clouds, which signiﬁcantly affect the essence of the
chiral stationary phase recognition and also seriously affect
the separation result13.
It can be concluded from the above behaviors of chiral
separation that the amylase chiral stationary phases (CSPs)
are suitable for multiple chiral separations, especially for the
drugs with aromatics. They also have the good recognition
ability to the ester (C1 and C2), ketone (C4), sulfonyl or
sulﬁnyl compound (C3 and C5), Cl substituent compound (C7
and C8).3.2. Effect of diethylamine
According to the results of basic drugs, adding appropriate
amount of diethylamine to the mobile phase could inhibit the
diastereoselective adsorption of remnant silanol group on the
surface of silica gel. It contributed to the chiral recognition
ability of stationary phase and better separation efﬁciency,
e.g., C6 and C8. For neutral drugs, adding diethylamine did
not affect the separation efﬁciency, e.g., C1 and C2. Theresults of study on the effect of diethylamine amount indicated
that the more diethylamine was added (in the range of 0.1–
0.5%), better the separation efﬁciency was obtained. However,
excessive amount of diethylamine would shorten the life of
column. For comprehensive consideration, the compounds
reached the baseline separation when the adding amount was
0.2%, which is regarded as the appropriate amount14.
The effects of organic additives on the racemates separation
were investigated. The results are shown in Table 3.3.3. Effect of n-hexane–isopropanol proportion
The proportion of n-hexane–isopropanol in mobile phase to
separate the chiral drugs by AS-H column was studied as the
example. According to the results, the content of isopropanol in
the mobile phase has signiﬁcant inﬂuence on the chiral com-
pounds separation. The results displayed that the decrease of
isopropanol amounts in the mobile phase led to the increase of
the resolution values. For example, the resolution of C2 changed
from 1.0 to 1.7 when the proportion of isopropanol was
adjusted from 20% to 2%. On the other hand, the separation
results of some chiral compounds (such as C8) with bis-phenyl
in their structures also implied that the capacity factor (k) of the
enantiomer was increased correspondingly when the content of
the isopropanol in the mobile phase was decreased. The possible
reason was that the decrease of isopropanol led to the reduced
polarity of the solvent. Besides strengthening the hydrogen
bonding between the solute and the CSPs, it weakened the
hydrogen bond between alcohol and CSPs, which induced the
increases of the retention time and Rs. The chiral separation
Table 3 Effect of diethylamine proportion on separation on Chiralpak AD-H and Chiralpak AS-H.
Column Racemic drug Rs
No organic
additives
0.1%
Diethylamine
0.2%
Diethylamine
0.5%
Diethylamine
Chiralpak
AD-H
Nitrendipine (C1) 1.4 1.3 1.4 1.4
Omeprazole (C3) 0.5 0.6 0.6 0.6
Praziquantel (C4) 3.3 — — —
Clenbuterol hydrochloride
(C6)
0.4 1.0 1.4 1.5
Verapamil hydrochloride (C7) 0.7 — — —
Chiralpak
AS-H
Felodipine (C2) 1.4 1.5 1.7 1.7
Sulpiride (C5) 2.1 2.2 2.2 2.1
Clenbuterol hydrochloride
(C6)
0.2 1.2 1.5 1.7
Chlorphenamine maleate (C8) 0.4 1.4 1.7 1.6
Note:‘‘—’’means not separated.
Table 4 Effect of n-hexane–isopropanol proportion on the chiral separation.
n-Hexane–isopropanol
(v/v)
Racemic drug Rs
Felodipine
(C2)
Sulpiride
(C5)
Clenbuterol hydrochloride
(C6)
Chlorphenamine maleate
(C8)
0.2:80:20 1.0 2.2 0.4 0.9
0.2:90:10 1.4 3.2 0.9 1.3
0.2:95:5 1.6 3.7 1.4 1.7
0.2:98:2 1.7 3.9 1.5 1.9
Table 5 Effect of column temperature on separation on Chiralpak AD-H and Chiralpak AS-H.
Column Racemic drug Rs
18 1C 25 1C 35 1C
Chiralpak AD-H Nitrendipine (C1) 1.2 1.4 1.7
Omeprazole (C3) 0.4 0.5 0.5
Praziquantel (C4) 2.9 3.3 3.1
Clenbuterol hydrochloride (C6) 1.0 1.4 1.2
Verapamil hydrochloride (C7) 0.6 0.7 0.7
Chiralpak AS-H Felodipine (C2) 1.2 1.6 1.8
Sulpiride (C5) 1.7 2.2 2.1
Clenbuterol hydrochloride (C6) 1.3 1.5 1.5
Chlorphenamine maleate (C8) 1.7 1.7 1.6
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proportion was in favor of separation of two enantiomers.3.4. Effect of column temperature
Column temperature was an important parameter to chiral
separation. As column temperature increased, it could accelerate
the transfer of solute between the stationary phase and
mobile phase to diminish the retention factors. At the same
time, the variation of the column temperature would changethe equilibrium state of the ions, which might ﬁnally impact
the chiral acting force between solute and stationary phase.
Experiment of the impact of column temperature on the
retention factor (k0) and resolution (Rs) was carried out. In the
range of certain temperature (Table 2), k0 of all the enantio-
mers showed a decrease trend with the increase of tempera-
ture, but the degree of decrease was different.
The results indicated that the separation of most racemates
got the maximum value with increasing temperature (in the
range of 15–20 1C), kept constant at 25 1C and intended to
decrease at 30–40 1C, while the peak shape of C1 and C2 was
HPLC separation of eight drugs collected in Chinese Pharmacopoeia 2010 533optimized on AD-H and AS-H column to obtain improved
separation as the temperature increased.
It can be inferred that the temperature has inﬂuence on the
separation and the peak shape. In order to achieve the stable
separation result, the effect of column temperature should be
studied in the process of analysis so as to obtain the optimum
temperature and to keep it unchanged. The results are shown
in Table 5.4. Conclusions
Eight commonly applied racemates drugs in clinics selected
from Ch.P2010, including b-agonist, benzamide antipsychotic
drugs, calcium antagonist, antihistamine drugs, proton pump
inhibitor, dihydropyridine calcium channel blockers and
broad-spectrum antiparasitic agents, were separated on two
amylose ramiﬁcation chiral stationary phase, Chiralpak AD-H
and Chiralpak AS-H. The result showed that the amylosechiral
stationary phase was successfully used to separate wide range of
compounds in normal phase HPLC. The chromatographic reten-
tion and resolution of the enantiomers can be adjusted through
the change of the alcohol displacer content in the mobile phase,
the concentration of organic alkali modiﬁers and the column
temperature. The study provides a methodological basis for the
enantiomers separation to study and control the optical impurity
in the future work.
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